gens in the A system were detected as early as the third day of incubation of the eggs. In the B system only one antigen was found as early as the third day of incubation, and other three antigens were first detectable on the sixth day after hatching. Okada et al. (1962) detected eleven antigens belonging to three systems, B, F and H, in the development of chickens (later, the F and H systems were combined into one system which was redesignated as A system, Okada, personal communication). Two antigens in the A system were detected at the early embryonic stages, but in the B system A, B, C, and G antigens were detected in 11-day embryos, K, L, and M antigens (the last controlled by the allele BBM) were detectable in 14-day embryos, and I and M antigens (the last controlled by the gene BM) first appeared on the fifth day after hatching.
Although there have been some similarities in the development of blood group antigens in the chick to that in the human and cattle, some striking differences between them have been also found. The blood group antigens in the human and cattle were found in early embryos (Bornstein et al. 192; Ino 1950; Toki 1951; Stormont et al. 1958) . However, some blood group antigens in the chick were found at the stage of embryo but some others did not appear until after hatching.
The genotypes of embryos used in the above investigations were postulated from those of their parental populations which were not always homozygous but sometimes heterozygous.
The appearance of antigens in embryos from these heterozygous parents might be varied by segregation of genotypes involved in the parental populations.
Thus, in the present investigation, the embryos from the inbred strains which had been confirmed to be homozygous for the genes determining blood group antigens, were used for the developmental study of the antigen formation.
MATERIALS AND METHOD
All of the eggs used for the present experiment were obtained from seven inbred strains of chickens kept at our laboratory.
The birds of these strains were homozygous for the genes determining blood group antigens.
This was elucidated from the fact that there was no segregation of chickens in regard to antigen types in these strains through more than three generations.
These seven inbred strains were Black Minorca C(BM-C), Nagoya A and B (NG-A and NG-B), White Leghorn G and M (WL-G and WL-M), CON, and GOS. CON was originated from a cross between White Cornish and New Hampshire, and GOS was from a mixed origin of Jittoko, Nagoya A, Sebright Bantam, and Goshiki Shokoku.
The blood group antigens of these strains are summarized in Table 1 .
Blood samples from embryos were obtained by puncturing blood vessels with a fine needle. The blood was withdrawn into a capilary pipette coated with heparin (1,000 units per ml.). Blood sample from young chicks were obtained from the heart or wing vein by a syringe containing heparin. The red cells were washed three times with saline (0.9 percent NaC1) and 2 percent (V/V) red cells suspended in saline were prepared for hemagglutination tests. Antisera were prepared by isoimmunization between these strains. Then, an absorption was performed to obtain the antiserum specific for each antigen. Titration of antiserum was carried out by red cells obtained from ten adult chickens of an inbred strain and its titer was expressed by the lowest dilution of antiserum necessary for agglutination of their red cells. For hemagglutination tests, antiserum was diluted with saline to 1 : 2, and the twofold serial dilutions of each antiserum were prepared in a plastic agglutination plate. Equal volume of 2 percent red cell suspension was added to 0.1 ml. of each antiserum dilution.
The mixtures were shaken and kept at room temperature for 30-60 minutes and their patterns were recorded. Hemagglutination was scored conventionally as 0 Eight antigens of them were controlled by genes belonging to independent four loci. Blood group systems belonging to three loci were designated as A, B, and D, which correspond to the systems obtained by Dr. Okada, Hokkaido University. One blood group system belonging to the remaining one locus was tentatively designated as R system, since it was not involved in any known system. Other two antigens (Q' and S) were genetically not analyzed (Table 1) .
Morphological observation was carried out on smear preparations of red cells stained with Giemsa solution.
The red cells were classified into the immature and mature types.
To estimate the frequency of each type, 1,000 cells of each preparation were counted at random.
RESULTS

Antigens appeared in the early embryonic stages
The hemagglutination tests were carried out with the red cells from ten embryos at each stage.
Results from experiments on P antigen in the A system and of Q'antigen in the unknown system are shown in Table 2 and Figure 1 . Although developing eggs incubated for less than six days did not provide blood volume enough for testing for their hemagglutination scores, P antigen was detected as early as the fourth day in all embryos of both strains, NG-A and GOS. Q' antigen was also detected as early as the fourth day in all embryos. In the first week after hatching, red cells of the GOS strain had a low hemagglutination score which continued to the adult stage.
Red cells of the NG-A strain had a higher hemagglutination score in the first week after hatching than those of the GOS strain and gradually decreased to a low activity at the adult stage. It indicates that although there was no marked difference in the time of appearance of P antigen between the NG-A and GOS strains, the activity of hemagglutination varied slightly between the both strains.
The similar result was obtained with Q' antigen in the BM-C strain. The Q' antigen was not controlled by the genes belonging to the B, D, and R systems. Although the relationship between P and Q' antigens is unknown, the latter may also be controlled by gene belonging to the A system.
Antigens appeared in the late embryonic stages
Antigens in both B and D systems appeared at a relatively late stage of embryonic development.
The gene controlling the B system consists of five alleles designated as B~, BB, BG, B', and W'. First appearance of B, M, A, G, and K antigens was observed on the 7th, 7th, 8th, 10th, and 10th day of incubation of eggs, respectively and all embryos showed positive reaction on the 7th, 9th, 9th, 10th, and 12th day of incubation, respectively (Table 3) . K and M antigens showed a considerable variation in the time Change in the activity of each antigen in the B system showed its own mode, but the following grouping may be possible in their mode (Fig. 2) . The first group, including A and G antigens, rose up rapidly to the highest level, and fell down gradually in further development of embryos with a marked decrease at the 15th day of incubation. Following this decrease, its activity increased again and attained to the high level at hatching.
After hatching, the activity fell down and reached the same level as that of adults. The next one, B antigen, rose up to the highest level as those of the first group, and maintained its level to hatching.
After hatching, the activity fell down and reached the same level as that of adults.
The third group, M and K antigens, rose up slowly and maintained the same level through out the post embryonic stage, chick and adult stages.
Q antigen in the D system was first detected on the 7th day and all embryos showed a positive reaction on the 8th day of incubation in both strains, NG-A and BM-C (Table  3) . However, the agglutinability of red cells from the NG-A strain was higher than that of BM-C red cells (Fig. 3) . The Q antigen showed the similar curve to the B antigen of the B system with respect to the hemagglutination activity. Changes in percentages of immature (round shape) and mature (oval shape) red cells in the blood of embryos at various stages of development indicate that the immature red cells showed a high level in blood of 3-day embryos, and decreased gradually as the developmental stages progress, but the mature red cells showed a low level at third day Briles et al. (1948) and Okada et al. (1962) that antigens of the A system were fully expressed in the early stage of embryos, and antigens of the B system appeared to develop slowly and often were not expressed during the embryonic stages but apparently appeared after hatching. In the present investigation, it was confirmed that the antigens of the A system were fully expressed in the early embryonic stage as reported previously, but with antigens of other systems different results were observed.
Antigens of the both B and D systems appeared 7-12 days of incubation, and R antigens of the R system was fully expressed in young chicks.
With respect to the agglutinability of red cells, P antigen of the A system showed the similarities to Rh and Q antigens in the human. Ino (1950) found that the agglutinability of red cells in the Rh and Q systems was highest in fetuses immediately before birth and decreased acutely after birth. Briles et al. (1948) and Okada et al. (1962) reported that some antigens of the B system appeared at the fifth-sixth day after hatching. Okada et al. (1962) determined the time of appearance from the comparison between the expected values from the genotypes of parantal populations and observed number of birds giving positive reaction. Mikami et al. (1969) found that the splenomegaly was induced in B'B' embryos by injection with the blood of BABA and BCBC adults when the blood from the latter was injected intravenously into 14-day embryos of the former, the spleen of which was weighed at 5th day after injection. This suggested that the I antigen (appeared at the fifth day after hatching, according to Okada et al. 1962 ) became detectable antigenically at the latest on the 14-19th day of incubation, since the splenomegaly was the result of a graft-versus-host reaction which was dependent on the host possessing an antigen of the B system which the graft did not possess.
Thus, it indicates that the antigens of the B system appeared at embryonic stage.
The correspondence between the appearance of antigens of both B and D system and the replacement of immature red cells by mature red cells suggests that these anti- A considerable decrease in hemagglutination score in A and G antigens of the B system was observed at 15th day of incubation.
Early developmental forms of erythrocytes in the bone marrow are visible on the 14th day and erythropoiesis is markedly increased during the last three days of embryonic development (Danchakoff 1909; Sandreuter 1951) . The decrease in hemagglutination score observed in A and G antigens may be related to the onset of red cell formation in the bone marrow.
R antigen of the R system and S antigen of unknown system appeared first after hatching. Fujio and Kondo (1966) reported that Th agglutinogen in response to tissue hemagglutinin appeard in chick red cells during 2 weeks after hatching. The developmental loss of agglutinogen or antigen of red cells in young chick stage was reported. Mizutani et al. (1969) observed that agglutinability of red cells by phytohemagglutinin was present in the embryonic stages and disappeared in the fifth week after hatching. The phytohemagglutinin was identical in its nature with lectin reported by Scheinberg and Reckel (1961) . Sander (1968) identified an antigen on the red cells of young chicks that was not detectable in adult chickens.
The antigen was present at hatching and disappeared around 50 days after hatching.
It suggests that the antigenic changes of red cells occur in 2-5th weeks after hatching.
The antigens in the B system appeared sequentially as the developmental stages of embryos progress.
The order of the time of their appearance may depend on the step of maturation of antigens on the red cells. A preliminary test showed that the antiserum was easily obtained from BABA chickens but scarcely from BKBK chickens when BABA and BKBK chickens were immunized by the red cells from BABK chickens, suggesting that K antigen had some component parts identical with those of A antigen and the component specific for K antigen in its chemical structure.
With respect to biosynthetic pathway in the theories of Watkins and Morgan (1959) and of Ceppellini (1959) , dealing with the formation of ABO antigens in the human, it was postulated that antigens are formed in an orderly sequence of gene actions.
A similar mechanism may be concerned with the formation of antigens in the B system of chick embryos. 
